Modeling the function of biological systems is a major conceptual and computational challenge. Using fully atomistic models with rigorous simulation treatments might prevent one from reaching clear conclusions about the action of the given system , whereas the construction of oversimplified models without sufficient physical basis might lead to irrelevant conclusions. This talk will review our progress in multiscale modeling, emphasizing the physical reality and the connection between the different modeling levels. We will start with a brief description of simplified folding models (1) ,which are perhaps the first examples of multiscale (Coarse Grained (CG)) modeling in studies of proteins, and describe a connection between the simplified and the all atom models (2). We will then consider very briefly QM/MM calculations ( 3,4) of proteins, which also provide examples of multi scale studies. Next we will move to our general renormalization approach, which allows us to explore long time processes in simplified models while retaining the physics of the full model (5,6). This approach will be the demonstrated by considering of the modeling of ion current in ion channels (7) and of the action of proton pumps (8), as well as in studies of other systems (9). In these cases we will explain how can one move from a fully atomistic microscopic treatment (sometimes with quantum mechanical elements) to semimacroscopic free energy surfaces and eventually to Brownian Dynamics or Monte Carlo simulations of slow events (6-9). We will thus provide examples of consistent simulations of millisecond biological processes using various multiscale strategies. We will also demonstrate the use of CG modeling in showing that dynamic does not play a significant role in enzyme catalysis (6), and conclude with demonstrating the role of CG models in enzyme design and related problems (10).
